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Objectives: Exercise-based cardiac rehabilitation (CR) is an effective intervention for patients with heart failure
(HF), in which one of the main targets is to increase physical capacity. In the HF population this is traditionally
assessed using distance covered during a walking test. This study aims to establish the extent to which change
in walking ability, in HF patients attending CR, is determined by patient characteristics and service provision.
Methods: The study utilised routine clinical data from the National Audit of Cardiac Rehabilitation to perform a
robust analysis. Change, in metres, between pre- and post-CR six-minute walk tests was calculated. Multivariate
linear regressionmodels were used to explore the relationship between patient characteristics, service-level var-
iables, and change in metres walked.
Results: Complete and valid data from 633 patients was analysed, and a mean change of 51.30 mwas calculated.
Female gender (−34.13m, p=0.007), being retired (−36.41 m, p=0.001) and being married/in a relationship
(−32.54m, p=0.023)were all significant negative predictors of change. There was an additional negative rela-
tionshipwith bodymass index (BMI)whereby for every unit increase in BMI, predicted change reduces by 2.48m
(p = 0.006).
Conclusions: This study identified significant patient-level characteristics strongly associated with limited im-
provement in walking ability following CR. Improving physical capacity is a core component of CR, therefore ser-
vices should aim to account for baseline characteristics identified in this study as part of tailoring the CR
intervention around the individual. Pre- and post-CR physical capacity assessments, which constitute minimum
standards for CR, are worryingly low and should be given high priority.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction
Cardiac Rehabilitation (CR) is a clinically effective intervention for
patientswithHeart Failure (HF)with published clinical guidance for im-
plementation of an exercise-based rehabilitation programme [1–3]. A
summary of clinical trials on exercise-basedCR inHF confirms a reduced
risk of overall and HF-specific hospitalisation with clinically important
improvement in the quality of life [1]. However, despite extensive evi-
dence for CR, eligible patients are missing out on CR with fewer than
20% of HF patients accessing such services in the UK. Across Europe
the number of programmes offering CR to patients with HF is increasing
and in the UKover 90% of programmes have a CR referral process for pa-
tients with HF [4]. Data from the UK National Heart Failure Audit sug-
gests that 7% to 20% of patients with a diagnosis of HF are referred to
CR from either general wards or cardiology wards with wide variation
in referrals between hospitals. Survival analysis of patients with HF,
based on referral to CR, demonstrated improvements of 12% compared
to patients not referred to CR [5].
One of the key targets for CR programmes is to increase the physical
capacity of patients, which is best achieved through tailored and super-
vised exercise training [1,6]. In order to quantify the benefits of exercise
training for patients, numerous filed tests of walking capacity have
emerged which allow clinicians and patients evaluate change in walk-
ing capacity. One of the most popular walk tests for patients with low
capacity is the six-minute walk test (6MWT) which requires patients
to continuously walk at their own preferred pace, until they are either
unable to continue, or the maximum time of 6 min is met. At the end
of the test, the distancewalked is measured inmetres, and recorded [7].
Studies have tried to develop expectations aroundmeaningful clini-
cally important difference (MCID) which has led to estimates varying
between 14 and 32 m, depending on the underlying pathology [8–10].
There is a lack of clarity aboutwhich factors influencewalk test distance,
and uncertainty around their interpretationwhenusing the 6MWT. This
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is important to clarify as these factors may help explain why so few pa-
tients start CR without undergoing an exercise test.
The study aim is to establish the extent to which change in walking
ability, in patients HF attending CR, is determined by clinical service and
patient characteristics.
2. Methods
This cohort study was reporting following the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) guidelines [11].
2.1. Six-minute walk test
In this study physical capacity is operationalised as walking ability. Patients perform
this test once at the start of the exercise programme, and repeat it on completion of CR.
2.2. Data
The source of data is the National Audit for Cardiac Rehabilitation (NACR) database
which is created through routine anonymised data entry from 226 cardiac rehabilitation
centres across England,Wales andNorthern Island. The data is entered by CRprofessionals
approved by their local Caldicott Guardian, and the data is hosted by the NHS Digital. The
data collection is under 251 exemption which allows collection of data without consent,
however patients can opt out. The NACR captures the entire pathway of CR, from present-
ing event in hospital through to rehabilitation in the community. The analysis included all
cases where a diagnosis of HF led to a new referral to cardiac rehabilitation between Jan-
uary 2013 and December 2016. Cases were deemed eligible where both a pre- and post-
rehab 6MWT had been completed.
2.3. Outcome measure
The study explores predictors of change, in metres, between the pre- and post-CR
6MWT. The change was calculated by subtracting the first six-minute walk test result
from the second. As there is no agreement on the MCID for the 6MWT, we have opted
to measure the outcome linearly, in metres, which will also allow us to quantify the
strength of this relationship [9].
2.4. Predictors
Age, gender, ethnicity, height, BMI, smoking status, baseline fitness, diabetes, depres-
sion, blood pressure, cholesterol and number of comorbidities were included as known
predictors of fitness/physical performance. In addition, duration of CR; time between re-
ferral and invite to CR; and participation in early rehabilitation (e.g. whilst still an inpa-
tient) were included as service-level factors that have also been shown to influence
performance. Finally, marital status; employment status; waist measurement; angina; ar-
thritis; asthma; COPD; anxiety; having a psychologist and/or physiotherapist employed at
the CR centre; and the number of hours a psychologist and/or physiotherapist is
contracted towork perweekwere included as additional hypothesized factors influencing
performance.
The presence of diabetes, angina, arthritis, asthma and COPD were ascertained from
the patient'smedical history. Abnormally high scores on the Hospital Anxiety and Depres-
sion Scale (HADS) were used to identify patients with anxiety and/or depression as this
was thought to be a more accurate indicator of the patient's mental health status at the
time of CR.
2.5. Statistical analysis
The analysis explored initial associations between variables and the outcome, change.
Independent t-test and one-way ANOVAwere used to compare the means of the categor-
ical variables. Pearson's rank correlation coefficient was used to investigate association of
the continuous variables.
This initial analysis gave an indication of which variables may or may not yield a sig-
nificant relationship, however all variables were then entered into a multiple stepwise
backward linear regressionmodel to investigate if these relationshipswere upheld inmul-
tivariate analysis. All models were tested for fitting assumptions [12].
The structure of the four steps of themodel is summarised in Table 1. Predictors' inclu-
sion in the final model were based on 95% confidence intervals and a p value of b0.05.
3. Results
The study population is summarised in Fig. 1 with 633 patients in-
cluded in analysis. The mean change between pre- and post-CR 6MWT
was 51.30 m.
Table 2 summarises the predictor variables which yielded a signifi-
cant p value. Table 3 summarises the final results of backward stepwise
linear regression. The final model included 97 patients. Smoking status
was the only variable that was omitted from the original model as de-
scriptive statistics revealed that only 5% of the population identified as
current smokers, which was too small a number for the regression
model to operate.
Female gender, raised BMI, being retired, being in a relationship, and
having a higher baseline performance were all significant negative pre-
dictors of change. The contracted number of hours of the centre psy-
chologist was found to be a significant positive predictor. Importantly
none of the comorbidities data or the number of comorbidities featured
as a statistical determinant of walk test outcome.
The largest effect size that was observed is being retired, which pre-
dicted a change of 36.41 m less than those who were employed. This is
closely followed by female gender, predicted to achieve 34.13m less of a
change thanmales; and those currentlymarried or in a relationship pre-
dicted to achieve 32.54m less than thosewho identify as single. There is
a negative linear relationship between BMI and change, such that for
every unit increase in BMI, a patient is predicted to achieve 2.48 m
less. A similar relationship exists with baseline performance, whereby
for every metre achieved at baseline, a patient will achieve 0.26 m less
on the follow up 6MWT. However, the number of hours a psychologist
is contracted with the CR programme creates a positive linear relation-
ship whereby for every hour a psychologist is employed, a patient will
achieve a further 1.83 m of change.
4. Discussion
This is the first study which investigates factors influencing walking
performance in HF patients using multivariate analysis. It is of impor-
tance due to the need to be able to appropriately interpret the results
of walking tests in this population, especially with increasing numbers
of HF patients now accessing CR. This study revealed that having a psy-
chologist involved in CR delivery had a significant positive influence on
the patients' change in walking ability, with a positive correlation be-
tween the psychologist's contracted number of hours, and the size of
the change. This relationship is already noted in patients with tradi-
tional CR conditions, where psychological interventions have not only
been found to alleviate psychological symptoms [13] but have also
been linked to reduced event recurrence and even mortality [14,15].
The significance of this relationship in HF patients adds strength to the
argument for psychological input throughout all CR programmes.
Table 1
Structure of stepwise regression model: predictors of change on six-minute walk test post-CR.
1. Socio-demographic factors 2. Cardiac risk factors 3. Patient medical status 4. Service level factors
Age Smoking status Number of comorbidities Duration of CR
Gender Diabetes Angina Time between referral & invitation to CR
Ethnicity Baseline walking ability Arthritis Undertook early CR
BMI Systolic blood pressure Asthma Psychologist employed
Height Diastolic blood pressure COPD Psychologist contracted hours
Waist size Anxiety Physiotherapist employed
Marital status Depression Physiotherapist contracted hours
Employment status
CR: cardiac rehabilitation.
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Conversely, female gender has a significant negative impact on out-
come, with a large effect size of−34.13m. It is established that women
havemuch lower adherence to CR programmes thanmen [16]with lack
of social support and high burden of family responsibilities identified as
some of the barriers women face [17]. However it is troubling that this
might be having such a detrimental effect on their outcomes. With
poor adherence, and poor outcomes, there is an argument for CR tai-
lored to the specific needs of female participants. It has been suggested
that incentive-based strategies and/or increased availability of home-
based CR programmes could improve female participation [17].
As somewhat a surprise, retirementwas found to significantly limit a
patient's opportunity to improve their walking ability; even when con-
trolled for age. We hypothesized that the age categories were too nar-
row to be meaningful in our sample, causing retirement status to act
as a surrogate for older age. The regression model was repeated, with
age in a binary format of under 65, or 65 and over (to align with the
UK retirement age). Even when controlled for age in this way, the re-
gression still produced retirement as a significant negative predictor,
meaning there is something about this status, irrespective of age,
which influences patients' change inwalking ability. Thismaybe related
to an overall decline in physical activity during the transition into retire-
ment [18] though additional research would need to look into this
further.
It was also surprising to find that being married or in a relationship
also had a significant negative impact on patients' change in walking
ability, as this is usually understood to be a protective factor in cardio-
vascular disease [19] and also associated with better CR attendance
[20]. A possible explanation could be a lack of motivation in this
group, especially if their partner does not have an active lifestyle them-
selves, contributing to a home environment that is resistant to lifestyle
change, and potentially reducing the impact of CR. Again, research
would need to be done to further elucidate this connection.
Finally, increasing BMI had significant negative correlation with the
patients' change in walking ability. Patients with a raised BMI may have
a worse baseline performance, but it would then be expected that they
would have a greater scope for improvement. It is therefore curious to
note that as BMI increases, the change inwalking ability decreases. A re-
duced adherence to CR in obese patients has previously been observed,
[21] although the evidence is nowhere near as compelling as it was for
female gender. It is possible that patients with higher BMI may need ei-
ther a more prolonged exercise programme, or an additional interven-
tion to reduce BMI before they can see a meaningful improvement in
walking ability.
The coefficients of the regression model are of particular interest in
the context of MCID. Although there is no consensus on an exact figure,
the literature so far suggests it could be anywhere between 14 and 32m
[8–10]. The coefficients for female gender, retirement and marriage/re-
lationship are all greater than this value, which means that by having
just one of these characteristics, a patient is much less likely to achieve
the MCID.
Perhaps one of the most meaningful findings from this study was
that neither number, nor type of comorbiditywas found tohave a signif-
icant impact on the change in walking ability. Fig. 1 showed that only
633 of the 4149 HF patients completing CR had performed both a pre-
and post- 6MWT. There is concern that this low assessment rate is pos-
sibly due to clinicians' worries over the safety of this test in lower phys-
ical capacity patients. However, this study indicates that the 6MWT is a
feasible test to perform inmulti-morbid patients, and that comorbidities
should not be used as exclusion criteria from performing the 6MWT at
pre- and post-CR assessments of HF patients.
5. Limitations
This studywas limited by its small sample size,which is unlikely to be
representative of all eligible patients. Our analysis of patient demographics
such as age; gender; and comorbidity; between the study group and overall
HF registrants found no significant difference between the populations.
There are presently very few HF patients participating in CR, which
limits the amount of data available. We felt there is a need to analyse
and share these initial findings to help clinical teams feel reassured
that patients can perform and benefit from CR. The statistical methods
used in this paper were justified and assumptions for the regression met,
however, repeat analysis of this study using a greater sample size will
help to validate these findings.
6. Conclusion
This study found that female gender; retirement; beingmarried or in
a relationship; and increasing BMI are significant negative predictors of
change in walking ability. These characteristics ought to be taken into
account in order to provide a CR service tailored to the individual, giving
them a better opportunity to achieve a meaningful improvement. Con-
versely a positive relationship between a psychologist's involvement in
the CR programme and change in walking ability was also found, which
adds further support to the call for psychologists as compulsory mem-
bers of the CR multidisciplinary team.
The 6MWT is a feasible test of walking ability in routine practice,
even in multi-morbid patients, and its use should be encouraged in HF
and low capacity patients undergoing CR.
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Fig. 1. Studyflowand sample size.HF: heart failure; CR: cardiac rehabilitation; 6MWT: six-
minute walk test.
Table 2
Predictors of improvement on 6MWT with significant p values from independent t-test
and correlation coefficient.
Variable Mean change in metres
(SD)/correlation
coefficient
p
value
Achieving 150 min exercise per week Yes 40.28 (75.19) 0.024
No 57.13 (70.72)
Baseline performance on pre-CR
6MWT
−0.322 b0.001
Received early rehab Yes 66.44 (65.74) 0.001
No 45.82 (70.90)
Psychologist employed Yes 81.29 (69.24) 0.017
No 49.05 (69.24)
Psychologist contracted hours 0.151 0.009
6MWT: six-minute walk test; CR: cardiac rehabilitation; SD: standard deviation.
Table 3
Predictor variables for change in distance walked between two 6MWT.
Variable Unstandardised coefficient
(b)
95% CI p value
Gender (female) −34.13 −58.80 to −9.46 0.007
BMI −2.48 −4.23 to −0.72 0.006
Retired −36.41 −57.92 to −14.90 0.001
Married/relationship −32.54 −60.50 to −4.57 0.023
6MWT at baseline −0.26 −0.35 to −0.16 b0.001
Psychologist hours 1.83 0.07 to 3.58 0.041
Constant 263.50 186.11 to 340.89 b0.001
6MWT: six-minute walk test; BMI: body mass index; CI: confidence interval.
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